Prognostic value of simple frailty and malnutrition screening tools in patients with acute heart failure due to left ventricular systolic dysfunction by Sze, S.. et al.
Sze et al. Frailty and malnutrition in HF 
1 
Prognostic value of simple frailty and malnutrition screening tools in 
patients with acute heart failure 
Short title: frailty and malnutrition in HF  
Word count: abstract (241 words); text - excluding references and legends to figures 
(2521 words). Number of references: 39. 
S.Sze, MBBS;1,2 J. Zhang, PhD;1 P. Pellicori, MD;1 D. Morgan, MD;2 A. Hoye, PhD;1 A.L. 
Clark, MA, MD.1 
1Department of Cardiology, Castle Hill Hospital, Hull York Medical School (at 
University of Hull), Kingston upon Hull, HU16 5JQ, UK 
2 Department of Cardiology, Diana, Princess of Wales Hospital, Grimsby, Northeast 
Lincolnshire, DN33 2BA, UK.  
Corresponding author: Shirley Sze 
Department of Cardiology,  
Hull York Medical School 
Hull and East Yorkshire Medical Research and Teaching Centre 
Castle Hill Hospital, Cottingham, Kingston upon Hull, HU16 5JQ, UK 
Tel: + 44 1482 461811 
Fax: +44 1482 461779 
Email: Shirley.sze@nhs.net 
Conflict of interest: None. 
This is a post-peer-review, pre-copyedit version of an article published in Clinical Research 
in Cardiology. The final authenticated version is available online at: https://
doi.org/10.1007/s00392-017-1082-5
Sze et al. Frailty and malnutrition in HF 
2 
Abstract 
Background: Frailty and malnutrition are common in patients with heart failure (HF), and 
are associated with adverse outcomes. We studied the prognostic value of three malnutrition 
and three frailty indices in patients admitted acutely to hospital with HF.  
Methods: 265 consecutive patients (62% males, median age 80 (interquartile range (IQR): 
72-86) years, median NTproBNP 3633 (IQR: 2025-6407) ng/l) admitted with HF between 
2013 and 2014 were enrolled. Patients were screened for frailty using the Derby frailty index 
(DFI), acute frailty network (AFN) frailty criteria and clinical frailty scale (CFS), and for 
malnutrition using the geriatric nutritional risk index (GNRI), controlling nutritional status 
(CONUT) score and prognostic nutritional index (PNI). 
Results: According to the CFS (>4), DFI and AFN; 53%, 50% and 53% were frail, 
respectively. According to the GNRI (≤98), CONUT score (>4) and PNI (≤38), 46%, 46% 
and 42% patients were malnourished, respectively.  
During a median follow-up of 598 days (IQR 319-807 days), 113 patients died. One year 
mortality was 1% for those who were neither frail nor malnourished; 15% for those who were 
either malnourished or frail; and 65% for those who were both malnourished and frail.  
Amongst the malnutrition scores, PNI, and amongst the frailty scores, CFS, increased model 
performance most compared with base model. A final model including CFS and PNI 
increased c-statistic for mortality prediction from 0.68 to 0.84.  
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Conclusion: Worsening frailty and malnutrition indices are strongly related to worse 
outcome in patients hospitalised with HF.  
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Introduction 
Admission to hospital for heart failure (HF) is very common,1 as is subsequent re-admission.2 
Not only is hospitalisation expensive, each admission is associated with a worse prognosis.3 
Modern medical therapy for patients with chronic HF is based on the results from large, 
randomised clinical trials, yet the patients included in trials often poorly reflect the reality of 
patients in clinical practice. Around 25% of patients admitted to hospitals with HF are older 
than 80 years.4  Elderly patients with HF usually have complex comorbidities and clinical 
features distinct from subjects enrolled in major clinical trials conducted in HF. Amongst 
these, frailty5 and malnutrition6 are two very common features in patients with HF which are 
often overlooked. 7,8,9, 10, 11  
Screening HF patients for malnutrition and frailty might be helpful in identifying patients at 
high risk of re-admission who might benefit from tailored treatments or interventions to help 
reduce risk.12,13 Although there are several simple screening tools for malnutrition and frailty 
in patients with a variety of diseases, ranging from cancer to other chronic conditions, 14 15 16 
17 18 19 20 21 22 there is no consensus as to which tool is best in patients with HF.  Amongst 
nutritional scores, the COntrolling NUTritional Status index (CONUT)18, the prognostic 
nutritional index (PNI)21 and the geriatric nutritional risk index (GNRI)19  are the most widely 
studied in HF populations.6 The clinical frailty scale (CFS)20 is popular and widely used while 
the Derby frailty index (DFI) 23 and the acute frailty network (AFN) frailty criteria24 are 
simple frailty identification tools developed recently. 
We aimed to investigate the relation between nutrition, frailty and outcome amongst patients 
admitted to hospital for HF.   
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Methods 
Study population 
This is a study of 265 consecutive patients admitted to a district hospital (Diana, Princess of 
Wales Hospital) in Grimsby, United Kingdom, between January 2013 and December 2014 
with HF secondary to left ventricular systolic dysfunction (LVSD) were enrolled in the study. 
LVSD was defined as a left ventricular ejection fraction (LVEF) <40% at echocardiography, 
or at least moderate LVSD on visual inspection on an echocardiogram.  
All patients had a full medical history, physical examination and blood tests within a few 
hours of admission. An echocardiogram was performed within the first 24 hours from 
admission by an experienced sonographer using a Vivid 5 Scanner (GE, Fairfield, 
Connecticut) with a 2.5-MHz phased-array transducer. LVEF was calculated using Simpson’s 
method. Height and weight were measured on the first day of admission. Weight was 
measured with the patients in their nightwear and without their shoes. Body mass index 
(BMI) was calculated using the formula: BMI = weight in kilograms / (height in meters) 
squared.  
The study was approved by the research and development department at Diana, Princess of 
Wales Hospital, Grimsby, UK.  
 
Frailty indices 
Patients were screened for frailty using three indices. (Appendix 1)  Each subject was 
assessed by a physician who reviewed the medical and nursing notes together with any 
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assessments performed by the multidisciplinary healthcare team including physiotherapists, 
occupational therapists, dieticians and pharmacists.  
The Derby frailty index (DFI; scored as frail vs non-frail), is a quick pragmatic frailty 
identification tool initially developed in 2013.23A patient is classified as frail if one of the 
following criteria was met: 1) >65 years old and a care home resident; 2) >75 with confusion, 
falls or reduced mobility; 3) >84 years old with >4 co-morbidities.23  
The acute frailty network criteria (AFN; scored as frail vs non-frail) defines frailty as present 
in (a) people aged 85+ or (b) people aged 65+ with one or more of the following presenting 
features: cognitive impairment; resident in a care home; history of fragility fractures; 
Parkinson’s disease; recurrent falls.24  
The clinical frailty scale (CFS; measured between 1 (very fit) and 9 (terminally ill). Subjects 
are scored according to their functional capacity, level of dependence and comorbidities. For 
example, a patient with uncontrolled symptoms who is not frankly dependent is classified as 
vulnerable and scores 4 on the CFS; while an individual with limited dependence on others 
for instrumental activities of daily living including finances, transportation, heavy housework 
and medications will be classified as mildly frail and scores 5 on the CFS.  Subjects with a 
CFS >4 are classified as frail.20 
We also measured comorbidity using the Charlson comorbidity index/score.25 
 
Malnutrition scores 
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Patients were screened for malnutrition using 3 indices (Appendix 2). Malnutrition scores 
were calculated for each patient based on biochemical variables and anthropometric 
measurements.  
The geriatric nutritional risk index (GNRI; measured between 65-138) screens for 
malnutrition suing serum albumin level and the ratio of body weight to ideal body weight.19 
We calculated ideal weight using the formula: height in centimetres (H) -100-[(H-150)/4] for 
men and H-100-[(H-150)/2.5] for women.19 GNRI is calculated using the formula: [1.489 x 
albumin (g/L)] + [41.7 x current weight/ ideal weight].19  Patients with GNRI >98 are not 
malnourished, those with GNRI 92-98, 82-91, <82 are at mild, moderate and severe risk of 
malnutrition, respectively. Subjects with GNRI ≤ 98 are classified as malnourished. 
The COntrolling NUTritional Status index (CONUT score; measured between 0-12), was 
developed by Ignacaio de Ulibarri and colleagues in 2005 as a screening tool for assessment 
of nutritional status of inpatients.18 The CONUT score uses serum albumin, cholesterol and 
total lymphocyte count. Patients with a CONUT score 0-1 have normal nutritional status, 
those with CONUT score 2-4, 5-8, 9-12 are at mild, moderate and severe risk of malnutrition 
respectively. Subjects with CONUT score >4 are classified as malnourished.   
The prognostic nutritional index (PNI; measured between 22-70) is another nutritional 
screening tool, calculated using the formula: 10 x serum albumin (g/dL) + 0.005 x total 
lymphocyte count (mm3).21  Individuals are classified as normal (PNI>38), at moderate (PNI 
35-38) or severe (PNI <35) risk of malnutrition. Subjects with PNI ≤38 are classified as 
malnourished.  
 
End points and follow-up 
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Patients were followed until the 1st of February 2016 and the primary end point was all-cause 
mortality. Mortality was ascertained by using medical records (updated systematically onto a 
NHS electronic database), autopsy reports and death certificates.  
 
Statistical analysis 
Continuous variables are expressed as a median with interquartile range (IQR) and 
categorical variables are expressed as percentages. Pearson’s correlation coefficients with 
scatter plots were used to assess the correlations between two variables. Venn diagrams were 
used to illustrate the relationship between indices.  
The relation between a variable and outcome was explored using Cox regression analysis. 
The assumptions of Cox regression were tested. Log-transformation was applied when the 
data were very right-skewed. We used two base models. To assess malnutrition scores, the 
base model included age, sex, haemoglobin, atrial fibrillation, log NTproBNP, creatinine, 
sodium, recurrent falls and the presence of ischaemic heart disease. To assess the frailty 
scores, the base model included sex, haemoglobin, atrial fibrillation, log NTproBNP, 
creatinine, sodium and the presence of ischaemic heart disease. Age and recurrent falls were 
excluded as they are part of the DFI and AFN frailty criteria. We added each of the frailty 
and malnutrition scores in turn to the base model and used c-statistics to evaluate model 
discrimination in survival analysis. The frailty and malnutrition scores with the highest c-
statistics were used to construct a final model for predicting mortality. Using the best frailty 
and malnutrition indices, we stratified our cohort into 4 groups: frail and malnourished; frail 
but not malnourished; malnourished but not frail; and neither malnourished nor frail. Kaplan-
Meier curves were constructed to compare survival between the 4 groups. 
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Statistical analysis was carried out using Stata 14 and SPSS 23 software packages. The two-
tailed level of statistical significance was set at p<0.05. 
 
 
Results 
Baseline characteristics of the cohort are shown in Table 1.  
The majority of patients enrolled was male (62%) and elderly (median age with IQR: 80 (72-
86) years); 74% had NYHA class III or IV symptoms; and median NTproBNP was 3633 
(IQR: (2025-6407) ng/l.  Around half of the cohort was ‘frail’ or ‘malnourished’. According 
to the CFS (>4), DFI and AFN; 53%, 50% and 53% were frail, respectively; 43% (N=113) 
were classified as frail by all 3 frailty indices (Figure 1). According to the GNRI (≤98), 
CONUT score (>4) and PNI (≤38), 46%, 46% and 42% patients were malnourished, 
respectively; 30% (N=79) were classified as malnourished by all 3 malnutrition indices 
(Figure 2).  
 
Relationship between malnutrition, frailty and clinical data 
Frail and malnourished patients were older; more likely to be nursing home residents; more 
likely to suffer from recurrent falls, dementia, anaemia and atrial fibrillation; had lower BMI, 
worse symptoms and renal function; and were less likely to be on an angiotensin converting 
enzyme inhibitor/ angiotensin receptor blocker or a beta blocker. (Table 1)  
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Frailty and malnutrition indices correlated with each other (Table 2). Figure 3 shows the 
relationship between CFS and PNI. Although increasing frailty correlated with worsening 
malnutrition, the correlation was weak (R2 = 0.22, p<0.001).  
Malnutrition and frailty scores: associations with mortality  
During a median follow-up of 598 days (interquartile range 319- 807 days), 113 patients died. 
Univariable predictors of mortality are shown in table 3. Worsening frailty and malnutrition 
were both associated with worse outcome.  
Of the variables that were significant in univariable analysis (excluding 3 frailty variables), 3 
were significant predictors in a multivariable model including malnutrition scores (Table 3).  
Of the variables that were significant in univariable analysis (excluding 3 nutritional 
variables, age and recurrent falls, which are included in AFN and DFI), 2 were significant 
predictors in a multivariable model for frailty scores (Table 3).  
Addition of malnutrition and frailty indices to the base models both increased model 
performance for mortality prediction (Table 4). Amongst the malnutrition scores, PNI, and 
amongst the frailty scores, CFS, increased model performance most compared with base 
model. 
Of the variables that were significant in univariable analysis, only PNI and CFS were 
significant predictors in the final survival model (Table 5).  Adding both CFS and PNI to the 
base model including sex, haemoglobin, atrial fibrillation, log NTproBNP, creatinine, 
sodium, recurrent falls and the presence of ischaemic heart disease, had a c-statistic of 0.84.  
Patients who were frail and malnourished had an almost 30 times greater mortality risk than 
those who were neither frail nor malnourished (Figure 4). Mortality at 1 year was 65% for 
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those who were frail and malnourished; 15% for those who were either frail or malnourished 
and only 1% for those who were neither frail nor malnourished.  
 
 
Discussion 
We have found that malnutrition and frailty are both very common amongst patients admitted 
to hospital with heart failure. The prevalence of malnutrition and frailty in our cohort was 
around 45% and 50% respectively, similar to findings from other studies (34% to 70%6,26,27   
for malnutrition and 30% to 50%28for frailty). Ours is the first paper to compare directly 
several different indices of malnutrition and frailty in patients hospitalised with HF. Whilst 
we found that there was substantial overlap between the patients identified as either frail or 
malnourished by each index, the overlap was not absolute. Although we found a correlation 
between increasing frailty and worsening malnutrition, the relation was weak: only around 
20% of the variation was due to variation in the other. This finding suggests that frailty and 
malnutrition, despite having overlapping features, are distinct entities.  
We found that both malnutrition and frailty are strongly related to outcome in patients 
hospitalised with HF. In our final multivariate survival model, only CFS and PNI were 
significant predictors of mortality. These indices eliminate all other variables as potential 
indicators of outcome, presumably because they include many aspects of other potential 
variables in a composite score.  
Malnutrition and cachexia in HF arise not only as a direct consequence of HF but also from 
mechanisms common to other chronic disease states. Firstly, patients with HF have a higher 
basal metabolic rate than normal.11 Secondly, gut oedema and hepatic congestion may result 
in nausea, early satiety and reduced food absorption.11  HF is a chronic inflammatory state 
which induces metabolic disturbances.11 Impaired cardiac pump function and subsequent 
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hypoperfusion of peripheral tissues leads to cellular damage and activation of cytokines 
(tumor necrosis factor-α and nuclear factor-KB)29 as well as the renin-angiotensin-
aldosterone and adrenergic nervous system. These reactions cause insulin resistance30, and 
anabolic-catabolic imbalance.31 
The CONUT score is calculated from variables reflecting both protein and lipid metabolism, 
as well as immune function. PNI is similar to the CONUT score but does not include 
cholesterol, which might be more appropriate in patients with HF as a significant proportion 
(54% in our cohort) take statins which cause lower cholesterol levels irrespective of 
nutritional status. GNRI was the weakest predictor of mortality, perhaps because GNRI 
includes weight loss. Weight loss is unreliable in patients with HF because of the influence of 
oedema and the use of diuretics. Assessment of body composition rather than direct weight 
measurements might be more appropriate.32   
Amongst the frailty indices, CFS had the strongest prognostic value. The CFS is a more 
complex tool giving a scored result, whereas AFN and DFI are simple “yes/no” screening 
tools. CFS is not without its limitations - there is an element of subjectivity, which introduces 
the possibility of bias.  
The management of both frailty and malnutrition is a medical challenge. Exercise therapy,33 
nutritional supplementation with micronutrients,34 calcium and vitamin D35, 36 and 
multidisciplinary management37  may be beneficial. Consensus definitions of malnutrition 
and frailty are needed so that comparable intervention trials can be designed to study the 
effect of interventions on outcomes. We have found that amongst the malnutrition indices, 
PNI had the greatest prognostic value and amonst the frailty scores, CFS had the greatest 
prognostic value and we would suggest that future work should therefore concentrate on 
these indices.  
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Study limitations 
Firstly, this is a single-centre study conducted in the UK with limited sample size; external 
validation of our results from authors of other countries with different healthcare and social 
systems is needed. Secondly, we have only studied six of the large number of screening tools 
proposed to assess frailty and malnutrition. Thirdly, we have not compared the prognostic 
value of nutritional screening tools with more complex comprehensive nutritional 
assessments.38, 39 Similarly, we have only looked at frailty identification tools rather than 
comprehensive assessment tools.17, 20  
 
Conclusion 
Malnutrition and frailty assessed by simple nutritional and frailty indices are very common in 
patients hospitalised for HF and are powerful predictors of mortality. CFS and PNI should be 
considered when assessing HF patients to enable identification of individuals at high risk of 
mortality.  
 
Clinical Perspectives – Malnutrition and frailty assessed by simple nutritional and frailty 
indices are very common in elderly patients hospitalised for heart failure and are powerful 
predictors of mortality. The Clinical Frailty Scale and Prognostic Nutritional Index should be 
used when assessing heart failure patients so as to identify patients at high risk and allow 
early implementation of tailored treatments or interventions. 
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Translational outlook – Future research should focus on standardising definitions of frailty 
and malnutrition, so that comparable intervention trials can be designed to study the effect of 
interventions on outcomes in these at-risk heart failure patients. It would also be useful to 
compare the prognostic value of simple nutritional and frailty screening tools against more 
complex comprehensive nutritional and frailty assessments in the heart failure population. 
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Legend to figures. 
Figure 1: Prevalence of frailty in our cohort of patients with acute heart failure according to 
Derby Frailty Index (frail vs non-frail), Acute Frailty Network (frail vs non-frail) and Clinical 
frailty scale (CFS) (frail: CSF >4 vs non-frail: CSF ≥ 4). 
Figure 2: Prevalence of malnutrition in our cohort of patients with acute heart failure 
according to Controlling Nutritional Index (CONUT) score (malnourished: CONUT >4 vs 
not malnourished: CONUT ≤4), Geriatric Nutritional Risk Index (GNRI) (malnourished: 
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GNRI ≤ 98 vs not malnourished: GNRI >98) and Prognostic Nutritional Index (PNI) 
(malnourished: PNI≤38 vs not malnourished: PNI >38).  
Figure 3: Relationship between CFS and PNI, (R2 = 0.22, p<0.001). 
Figure 4: Kaplan Meier curves for all-cause mortality by the combined groups of malnutrition 
(assessed by prognostic nutritional index (PNI), where malnourished: PNI≤38 vs not 
malnourished: PNI >38) and frailty (assessed by clinical frailty scale (CFS), where frail: CSF 
>4 vs non-frail: CSF ≥ 4). Compared to those not malnourished and not frail, those who were 
malnourished and frail had a 30-fold higher risk of adverse outcome.  
 
 
